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SHIFT COMPENSATION IN MEDICAL
IMAGE PROCESSING

This application 1s a national phase of International Appli-
cation No. PCT/EP2009/065916 filed Nov. 26, 2009 and pub-
lished in the English language.

The present invention relates to the technical field of medi-
cal image processing. In particular, it relates to compensating
for a positional shift by elements 1n medical images generated
by a magnetic resonance scanner or “MR scanner”. While the
accuracy with which absolute positions or relative positions
of certain elements are displayed in MR 1images may not be of
the utmost importance in applications in which a physician
merely needs to determine whether certain structures are
present 1n the image or the characteristics which they exhibat,
absolute positions and positional relationships between
image clements are very important in applications such as
image-guided surgery, image-guided radiotherapy or 1in
medical navigation 1n general.

Intechnical terms, magnetic resonance imaging 1s based on
the fact that 1H protons 1n an object, when exposed to a very
strong magnetic field, can absorb and emit energy at a distinct
frequency known as the Larmor frequency. The Larmor fre-
quency depends on the magnetic field strength and the
molecular bond of the proton within the molecule. The so-
called fat-water shiit 1s a phenomenon resulting from the fact
that a 1H proton bonded in water has a different Larmor
frequency to a 1H proton bonded 1n a molecule of fat. Since
MRI (Magnetic Resonance Imaging) protocols use frequency
encoding to locate the position of a molecule when 1imaged,
the above-mentioned difference 1n Larmor frequencies has
the effect that two objects 1n 1dentical positions, one contain-
ing water and the other containing fat, would exhibit a shait
with respect to each other 1n the magnetic resonance 1mage,
1.e. would be shown at different positions.

The magnitude of such a fat-water shiit 1s proportional to
the magnetic field strength employed. Ina 1.5 T (Tesla) MR
scanner, the resonance frequency of the 1H proton in fat 1s
about 220 Hz higher than that of the 1H proton 1n water. Since
the trend 1s towards higher magnetic field strengths, the fat-
water shift 1s becoming an ever more prominent phenom-
enon.

An MR scanner 1s typically tuned to water, hence a water
object 1n 1ts 1socenter will appear 1n the 1socenter of the
acquired 1mage, whereas the same object would be shifted
away from the 1socenter if 1t contained a fat. As mentioned
above, this fat-water shift 1s especially problematic when
using MR 1mages 1n 1image-guided surgery systems or medi-
cal navigation systems, since the images generated have to be
registered before navigation can be performed on the basis of
the 1image data. The aim of registration 1s to find a transior-
mation between the 1mage space and a coordinate system
used in medical navigation, for example a patient coordinate
system which 1s usually defined by a tracking reference
attached to the patient and tracked by a tracking system (for
example a camera system) associated with the medical navi-
gation system. The transformation matrix can be found by
correlating points 1n the patient space with points 1n the image
space (so-called pair-point registration). In order to simplitly
registration and improve 1ts accuracy, fiducial markers are
used and placed on the patient before performing magnetic
resonance 1maging.

With regard to frequency encoding, MR scanners are—as
mentioned above—in most cases tuned to water, 1.¢. they are
configured such that water markers (fiducials) or water
objects would be imaged at the correct position. Thus, such a
water object or water marker imaged by a “water-tuned” MR
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imaging system would enable correct registration, whereas a
marker containing fat, for example an oi1l, would render reg-
istration 1naccurate because of the fat-water shift. In general,
and 1rrespective of the technical specifics of finding the trans-
formation matrix, registration will be biased towards either
fat or water, depending on the substance used to find the
transformation matrix. Hence, any navigation based on this
registration will either be accurate for water or for fat but
never for both.

In order to deal with the problems caused by the fat-water
shift, efforts have been made to provide an elimination pro-
cedure by adapting the scanning procedure itself, for example
by changing the scan parameters. Pulse sequences have for
example been adapted so as to enable a compensation of the
tat-water shift by producing two sets of images with opposite
shift directions and using this information to correct the shiit.
These sequences require considerable longer scan times then
regular sequences. However, long pulse sequences are on the
one hand less acceptable to patients than short sequences, and
on the other hand, the trend within this field of technology 1s
towards employing higher magnetic field strengths. Thus, the
tat-water shift becomes a serious problem.

It 1s an object of the present invention to provide a solution
to the aforementioned problems. In particular, the present
invention aims to enable correct registration for medical navi-
gation purposes on the basis of magnetic resonance imaging
data generated using current modern MR scanners.

The above object 1s achieved by a method for positionally
correlating patient 1mage information and fiducial patient
markers, with computer assistance, 1n accordance with claim
1. The sub-claims define advantageous embodiments of this
method and other aspects of the present imnvention which
employ this method, such as a registration method or a medi-
cal navigation method.

In accordance with the present invention, a method 1s pro-
vided for positionally correlating, with computer assistance,
patient image information included in 1image data generated
by a magnetic resonance scanner and fiducial patient markers
represented 1n the image data, wherein a positional relation-
ship between the patient 1image information and the fiducial
markers 1s determined by taking into consideration at least the
following parameters:

a) the material properties of the fiducial markers;

b) 1mage generation data included in the 1mage data or pro-
vided with the image data;

¢) the resonance frequency recording mode of the magnetic
resonance scanner; and

d) any relative positional shiit between the patient data and
the fiducial markers resulting from the combination of the

parameters a) to c).

After such a positional correlation has been determined,
the information required i1n order to eliminate any errors or
inaccuracies originating from scanning different materials 1s
available. Thus, on the basis of this available information, any
additional steps to be taken or applications to be performed
can be 1mmitiated on the basis of correct positional assumptions
and will thus deliver correct results.

In other words, the present invention provides a method
which increases the accuracy of applications based on mag-
netic resonance images, such as image-guided surgery,
image-guided radiotherapy or other navigationally assisted
procedures. This 1s particularly true of applications involving
a method for finding a transformation matrix between the
image space and a second space, for example the coordinate
system ol a camera used to track the patient and/or 1nstru-
ments, the patient coordinate system or the coordinate system
of a treatment device such as an accelerator which 1s used for
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radiotherapy treatments. Any registration procedure as men-
tioned above can be carried out directly and accurately using
the information provided by the method 1n accordance with
the present invention, such that any shift by objects in the
images will not impair registration, navigation or treatment.
This will substantially increase the accuracy of navigation
and enable fiducials of different materials, for example both
water and fat fiducials, to be accurately navigated. Any kind
of MR markers can then be used in available hardware
devices, and fiducial markers could easily be exchanged with-
out affecting the registration procedure, which 1n turn could
therefore be easily switched to a different base material, for
example water or fat, as required.

The material of the fiducial markers can comprise fat or
water, and the positional relationship can be determined by
taking 1nto consideration the relative positional shift which
occurs when the resonance frequency recording mode of a
magnetic resonance scanner 1s tuned to water or fat, respec-
tively, and vice versa.

In one embodiment of the method according to the present
invention, the image generation data comprises iformation
about the field strength, the pixel bandwidth and the pixel size
as well as the frequency encoding direction of a magnetic
resonance scanner. This information can in particular be
included in the DICOM header of the image(s) generated by
the magnetic resonance scanner.

The navigation system or the computer system which pro-
cesses the information concerning the positional correlation
as provided by the present invention must be able to 1n some
way associate the aforementioned 1mage generation data with
a respective image, hence image generation data can either be
provided with the image or separate from the 1mage but in
such a way that 1t can be associated with said image without
incurring an error. Magnetic resonance images usually have a
so-called DICOM header which contains a set of information,
for example patient information and 1image generation infor-
mation. For the purpose of correlating positions 1 accor-
dance with the present invention, it 1s of course highly advan-
tageous that all of the information needed, as detailed above,
1s usually present 1in the DICOM header. Thus, a navigation
system or a computer system performing the present mven-
tion merely needs to be provided with the usual magnetic
resonance 1mage data and will still have all of the information
needed to find the correct positional correlation between the
patient image data and the fiducial markers, irrespective of the
“material tuming” of the devices used.

The 1image generation data can also comprise information
on the field-of-view and/or matrix size of the magnetic reso-
nance scanner, wherein this information 1s 1n particular
included in the DICOM header of the image(s) generated by
the magnetic resonance scanner.

It 1s possible to determine the positional shift for fat and
water (FWS) contained 1n the fiducial materials as follows:

FWSe =
F= s 7Y
FWS,
FWSp =
BWp

FWS,. = FWSp- Pg

where:

FWS .. 1s the fat-water shift in Hz;

FWS, 1s the fat-water shift in pixels;
FWS  1s the fat-water shift in mm;

B, 1s the magnetic field strength in Tesla;
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BW . 1s the pixel bandwidth in Hz; and
P. 1s the pixel size 1n mm.

In one embodiment, the direction of the positional shift can
be determined 1n relation to the frequency encoding direction
of the magnetic resonance scanner.

In accordance with another embodiment of the present
invention, the actual positional relationship between the parts
of the patient’s body as represented 1n the patient image
information and the fiducial markers 1s determined by cor-
recting the positional shiftin the fiducial markers with respect
to the parts of the patient’s body, depending on the material of
the markers and the resonance frequency recording mode of
the magnetic resonance scanner. In other words, this version
of the method 1 accordance with the invention compensates
for the positional shift and provides an 1mage with fiducial
markers shown at the correct locations on the patient’s body.

Another aspect of the present invention relates to a method
for registering patient image data generated by a magnetic
resonance scanner within a predetermined coordinate system
by means of fiducial patient markers represented 1n the image
data, wherein the patient image positional information and
the positional information on the fiducial markers 1s corre-
lated using any of the methods mentioned and specified
herein, in particular above. Any such registration will be
made accurate and correct because 1t 1s based on known
positional correlations. The patient image data can be regis-
tered 1n this way by means of fiducial markers on the basis of
marker position data which 1s corrected or shifted in accor-
dance with the determined positional relationship and by
taking into account any positional shift present.

Another aspect of the present invention 1s directed to a
method for navigationally assisting a medical procedure by
displaying patient images included 1n a patient image data set
generated by a magnetic resonance scanner, on a navigation
display, wherein the patient image data set 1s registered in the
navigation coordinate system by a registration method as
mentioned herein and 1n particular above. The main advan-
tage of such navigation will of course be 1ts accuracy and
reliability, since 1t 1s based on an accurate and correct regis-
tration.

In such a navigationally assisted medical procedure,
shifted positions of the parts of the patient’s body as repre-
sented 1n the patient 1mage information can be displayed 1n
accordance with a positional correction which 1s performed
on the basis of the correlated positions of the patient image
data and the fiducial markers. Alternatively or 1n addition to
the above-defined feature, shifted positions of the fiducial
markers can be displayed in accordance with a positional
correction which 1s performed on the basis of the correlated
positions of the patient image data and the fiducial markers,
1.e. since the information about the correlated positions 1s
available, the user has the choice of displaying correctly
shifted markers or correctly shifted parts of the patient’s body
or both, as required by the application.

In another embodiment, the registered positions of the
parts of the patient’s body as represented 1n the patient image
information in accordance with more than one resonance
frequency recording mode of the magnetic resonance scanner
are made available to the navigation system. For example,
both fat-tuned and water-tuned 1image data can be provided to
the navigation system. The suitable registered position of the
parts of the body (in accordance with the resonance frequency
recording mode of the magnetic resonance scanner) can then
be automatically displayed by the navigation system, wherein
the suitability of the registered position 1s determined by the
navigation system by analyzing the material properties of the
patient body parttissue and associating 1t with the registration
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to be employed. In other words, depending on the tissue
material detected, the navigation system can choose and dis-
play the most suitable “material-tuned” (for example water-
tuned or fat-tuned) 1mage to be provided for correct registra-
tion.

The 1mvention also relates to a program which, when it 1s
running on a computer or 1s loaded onto a computer, causes
the computer to perform a method as defined herein, and to a
computer program storage medium which comprises such a
computer program.

The invention will be explained below 1n greater detail with
reference to particular embodiments and to the attached
drawings. It should be noted that each of the features of the
present invention referred to herein can be implemented sepa-
rately or 1n any expedient combination. In the drawings:

FIG. 1 illustrates, in general, the fat-water shift in an MR
1mage;

FI1G. 2 illustrates an embodiment of the present invention
comprising marker position correction; and

FIG. 3 shows a display of a medical navigation system with
the option of shift-compensation.

The fat-water shiit which occurs 1n magnetic resonance
imaging shall now be explained with reference to FIG. 1. In
the left-hand representation 1n FIG. 1, a schematic view of a
patient’s head 1 as seen from above 1s shown 1n a single slice
image which 1s part of an 1image data set produced using a
magnetic resonance scanner. Thus, the shape of the patient’s
head, as indicated by the reference numeral 1, constitutes
patient image imformation in accordance with the terminol-
ogy employed herein. The left-hand representation in FIG. 1
also shows fiducial markers 2, 3 and 4 which are attached to
the contour of the head 1.

It will now be assumed that the markers 2, 3 and 4 are
fat-based markers, for example markers comprising spheres
containing an o1l which can be imaged by an MR scanner. If,
however, an MR scanner 1s used which i1s “water-tuned”, 1.e.
which operates 1n a resonance frequency recording mode
which 1s adjusted to the Larmor frequency of water, then an
image as shown 1n continuous lines on the right-hand side 1n
FIG. 1 will be created, 1.e. the fat-based markers 2, 3, 4 will be
positionally determined incorrectly with respect to the con-
tour 1 (which for its part would be 1maged on the basis of its
water content). Thus, the images 2., 3~ and 4. of the markers
are shown as having shifted away from the contour 1 by a
certain distance or relative positional shitt d .. This posi-
tional shift d-;-1s shown on the right-hand side in FIG. 1 by
virtual markers 2., 3,,- and 4, which are shown 1n dashed
lines. These fiducial marker images 2, 3,;-and 4 ;- are shown
at the locations where the real markers should have been
imaged, namely attached to the contour of the head 1. Another
interpretation would be that the markers 2;, 3 ;-and 4, would
have been the correct marker images 1if, instead of fat-based
markers, markers with a water content had been used as the
markers 2, 3 and 4 and a water-tuned magnetic resonance
imaging procedure had been performed.

The invention addresses these problems by providing a
way of finding the positional correlation between the patient
image 1 and the fiducial markers 2, 3 and 4. To this end, 1t has
proved highly advantageous that scan parameters are usually
provided together with the 1mage data when magnetic reso-
nance scans are produced, 1.e. the DICOM header of a mag-
netic resonance scan image, for example, would comprise a
range ol mformation about the patient and the scan param-
cters, 1 addition to the image data itself. As shown 1n the
following table, this information can include:
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Scan parameter DICOM information

field strength: B, ([0018, 00&7] - MagneticFieldStrength)
pixel bandwidth: BW, ([0018, 0095] - PixelBandwidth)
pixel size: P¢ ([0028, 0030] - PixelSpacing)

With this information available to 1t, a computer-assisted
system such as a medical navigation system which 1s using
the magnetic resonance 1mages as a basis for image-guided
surgery will be able to calculate the fat-water shitt as follows:

FWSy =
=5 Y

cwe, - FWSE
P~ BWs

FWS,.. = FWSp - Pg

where:

FWS . 1s the fat-water shift in Hz;
FWS . 1s the fat-water shift in pixels;
FWS  1s the fat-water shift in mm:;
B, 1s the magnetic field strength;
BW  1s the pixel bandwidth; and

P. 1s the pixel size.

Following this calculation, the fat-water shiit will have
been quantified.

It1s also possible to determine the direction of the fat-water
shift from mformation in the DICOM header. This informa-
tion could for example read as follows: (JO018,1312]—1In-
PlanePhaseEncodingDirection). It can be deduced from this
data that the frequency encoding direction 1s oriented at
exactly a 90° angle to the phase encoding direction defined by
[0018,1312]. The latter two values can assume the values
ROW or COL, 1.e. the phase encoding can be oriented along
rows or columns, and the frequency encoding will be oriented
accordingly.

Thus, from a few simple calculations using data already
available, the present invention makes 1t possible to exactly
calculate the fat-water shiit and thus to obtain a positional
correlation between the patient image and the fiducial mark-
ers for all of the following possible scenarios: the part of the
patient’s body contains fat or water; the MR scanner 1s tuned
to fat or water; and the fiducial markers contains fat or water.
Thus, if the latter parameters can be established for any situ-
ation (which should be possible, since the user will know
which body parts are being imaged using which MR scanner,
and the kind of fiducial markers being used), any problems
arising from a fat-water shift can be precisely corrected or
climinated.

One example of performing such a correction 1s shown 1n
FIG. 2, 1n which a patient’s head 1 has been 1maged together
with fat-based fiducial markers 2., 3. and 4, using a scanner
in a water-tuned mode. As a result, an 1image display of this
magnetic resonance 1mage which has not yet been corrected
would show the markers 1n the positions 2., 3~ and 4. indi-

cated by dashed lines. However, in accordance with this
aspect ol the invention, the information available in the
DICOM header 1s used to calculate the fat-water shift. The
positions of the registration markers to be displayed are then
shifted accordingly, such that the markers are then shown at
their correct locations 2, 3 and 4. A registration procedure can
then be performed on the basis of these marker positions 2, 3
and 4, for example a pair-point registration using a camera-
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based medical tracking system 10 connected to a medical
navigation system 12, which are both only shown schemati-
cally in FIG. 2.

In most cases, an 1mage as shown 1n FIG. 2 will be graphi-
cally set up by the graphics engine of the medical navigation
system 12, such that once the marker positions have been
corrected and shifted, more data will be exchanged between
the display and the navigation system 12 while the registra-
tion procedure 1s performed on the basis of the corrected
marker locations, wherein this data exchange 1s indicated in
FIG. 2 by the double-headed arrow. Once registration 1s com-
plete, a navigationally assisted medical treatment can be per-
formed, wherein istruments and the patient can be position-
ally tracked by the tracking system 10.

Another embodiment, shown schematically in FIG. 3,
advantageously uses the present invention. FIG. 3 shows a
navigation display, for example a display of a navigation
system 12 (FIG. 2). As explained above, an MR 1mage of a
patient’s head 1 has been produced, and the fat-water shift has
been calculated by taking into account the teachings of the
present invention, such that the navigation system possesses
information about the 1image position of the head 1n a water-
based imaging mode (1 ;,,) and a fat-based imaging mode (1.).
During navigation, an mstrument 3 can be tracked and dis-
played on the navigation display. The instrument 5 1s shown to
have a tip pointing directly onto the outer contour of the
patient’s head, as 1s the case 1n the actual environment of the
operating theater. Thus, the user would choose the button 7
marked W 1n order to use a water-based position correlation,
so that the correct positional relationship between the nstru-
ment 5 and the contour 1 1s displayed. The dashed line shows
the contour 1, which can be chosen by pressing the (software)
button F marked by the reference numeral 8. In the present
case, however, this would show an 1ncorrect positional cor-
relation between the mstrument 5 and the contour 1 of the
patient’s head. On the other hand, 11 an 1mage were taken of a
body part consisting mainly of fat, and a fat-tuned imaging,
system had been used, 1t would be better to switch the display
to the fat-based system using the button 8, which would show
a more accurate instrument position (Fat on a fat-tuned MR
would be displayed correctly, fat on a water-tuned MR would
be displayed incorrectly). Thus, the software function allows
the user to switch between water-based and fat-based regis-
tration, 1n order to provide more suitable assistance.

Another possible embodiment (not shown) uses the bright-
ness value of weighted images, namely the so-called T1 or T2
weilghted images 1n which fat and/or water appears brighter in
the image. In this case, the software can automatically deter-
mine whether the tissue to be navigated 1s mostly fat or mostly
water, and the bias incorporated into the registration proce-
dure can be automatically changed from water-tuned to fat-
tuned or vice versa, 1n order to display the correct positional
correlation by means of the present invention.

The mvention claimed 1s:

1. A method for positionally correlating, with computer
assistance, patient image information included 1n 1image data
generated by a magnetic resonance scanner and fiducial
patient markers represented 1n the image data, such that a
positional relationship between the patient 1image informa-
tion and the fiducial markers 1s determined by taking into
consideration at least the following parameters:

a) the material properties of the fiducial markers;

b) 1mage generation data included 1n the image data or

provided with the image data;

¢) the resonance frequency recording mode of the magnetic

resonance scanner; and
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d) any relative positional shift between the patient data and
the fiducial markers resulting from the combination of
the parameters a) to ¢).

2. The method according to claim 1, wherein the material
of the fiducial markers comprises fat or water, and the posi-
tional relationship 1s determined by taking into consideration
the relative positional shift which occurs when the resonance
frequency recording mode of the magnetic resonance scanner
1s tuned to water or fat, respectively, and vice versa.

3. The method according to claim 1, wherein the image
generation data comprises information about the field
strength, the pixel bandwidth or pixel size and the frequency
encoding direction of the magnetic resonance scanner,
wherein this mformation 1s in particular included in the
DICOM header of the image(s) generated by the magnetic
resonance scannet.

4. The method according to claim 1, wherein the image
generation data also comprises information on the field-of-
view and/or matrix size of the magnetic resonance scanner,
wherein this information 1s in particular included 1n the
DICOM header of the image(s) generated by the magnetic
resonance scannet.

5. The method according to claim 1, wherein the positional

shift for fat and water contained in the fiducial materials
(FWS) 1s determined as follows:

—— 220 HzB
F= 18T Y
FWSk
FWSp =
BWp

FWS,., = FWSp - Pg

where:

FWS_, 1s the fat-water shift in Hz;

FWS, 1s the fat-water shift in pixels;

FWS  1s the fat-water shift in mm:;

B, 1s the magnetic field strength;

BW ., 1s the pixel bandwidth; and

P in the pixel size.

6. The method according to claim 1, wherein the direction
of the positional shift 1s determined 1n relation to the fre-
quency encoding direction of the magnetic resonance scan-
ner.

7. The method according to claim 1, wherein the actual
positional relationship between the parts of the patient’s body
as represented 1n the patient image information and the fidu-
cial markers 1s determined by correcting the positional shiftin
the fiducial markers with respect to the parts of the patient’s
body depending on the material of the marker and the reso-
nance frequency recording mode of the magnetic resonance
scanner.

8. A method for registering patient image data generated by
a magnetic resonance scanner within a predetermined coor-
dinate system by means of fiducial patient markers repre-
sented 1n the 1mage data, characterized 1n that the patient
image positional information and the positional information
on the fiducial markers 1s correlated using the method of
claim 1.

9. The method according to claim 8, wherein the patient
image data are registered by means of the fiducial markers on
the basis of marker position data which 1s corrected or shifted
in accordance with the determined positional relationship and
by taking ito account the positional shift.

10. A method for navigationally assisting a medical proce-
dure by displaying patient images included 1n a patient image
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data set generated by a magnetic resonance scanner, on a
navigation display, characterized in that the patient image
data set 1s registered 1n the navigation coordinate system by
the registration method of claim 8.

11. The method according to claim 10, wherein shifted
positions of the parts of the patient’s body as represented in
the patient 1mage information are displayed in accordance
with a positional correction which 1s performed on the basis

of the correlated positions of the patient image data and the
fiducial markers.

12. The method according to claim 10, wherein shifted
positions of the fiducial markers are displayed in accordance
with a positional correction which 1s performed on the basis
ol the correlated positions of the patient 1mage data and the
fiducial markers.

13. The method according to claim 10, wherein the regis-
tered positions of the parts of the patient’s body as repre-
sented 1n the patient image information 1n accordance with
more than one resonance frequency recording mode of the
magnetic resonance scanner are made available to a naviga-
tion system, and wherein a suitable registered position in
accordance with the resonance frequency recording mode of
the magnetic resonance scanner 1s automatically displayed by
the navigation system, wherein the suitability of the regis-
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tered position 1s determined by the navigation system by
analyzing the material properties of the patient body part
tissue and associating 1t with the registration to be employed.
14. A computer program embodied on a non-transitory
computer readable medium which, when it 1s running on a
computer or 1s loaded onto a computer, causes the computer
to perform a method for positionally correlating patient
image information included in 1mage data generated by a
magnetic resonance scanner and fiducial patient markers rep-
resented 1n the 1mage data, such that a positional relationship
between the patient image information and the fiducial mark-
ers 1s determined by taking into consideration at least the
following parameters:
a) the matenal properties of the fiducial markers;
b) 1mage generation data included in the image data or
provided with the image data;
¢)the resonance frequency recording mode of the magnetic
resonance scanner; and
d) any relative positional shift between the patient data and
the fiducial markers resulting from the combination of
the parameters a) to ¢).
15. A computer program storage medium which comprises
a computer program according to claim 14.
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